It is becoming increasingly difficult to ignore the importance of equipment aging in critical industries such as power generation plants, oil and gas plants, etc. since many system components are approaching the end of their designed operational lifetime. New installations of system components in these critical industries will be extremely costly whilst any increase in demand will be too small to warrant totally new facilities. Aging management can be an alternative for this aging equipment to ensure its safety and reliability. This review aims to provide a brief understanding of equipment aging, aging detection and recent research into aging management.
Introduction
In recent years, there has been an increasing interest in equipment health prediction that recognises aging effects. The aging of a technical system is a degradation process caused by a number of different factors such as strain, stresses, fatigue, environmental factors, etc. [1] Many critical and advanced machines such as gas turbines, pumps and compressors in power generation plants, oil rigs, etc. are facing the end of their designed operational lifetime. The increases in demand are too small to warrant totally new installations. Knowledge about the residual life of a technical system ensures that it can be operated up to or even beyond its designed operational life. Operational life of a technical system is assessed in two steps which are (a) computing based on design values for the load effects (e.g. material, dimension) and (b) accounting for the effects of time on these load effect (i.e. production increase) in order to predict actual operational life [2] . Therefore, data of actual condition may assist in determining the actual residual life of a technical system. Actual residual life not only gives an idea to the owner about the safety and reliability of the operating technical system but also provide an overview on when the system components should be replaced. By understanding the actual residual life of a technical system, extending the useful life is possible [1] . Various concepts have been introduced to extend the useful life of a technical system such as replacement, overhauling and modification of the system, or keeping the system in operation without any changes [3] . This review aims to provide a brief review of the subject of equipment aging, aging detection and aging management.
Equipment Aging
Conventional analysis tends to classify equipment health condition into two states, namely working state and failure state [4] . However, most mechanical equipment works in an aging condition. Aging is generally understood to mean the degradation processes before the failure of a technical system, as illustrated in Fig. 1 . In the literature, the term 'aging' tends to be used to refer to the degradation of the performance of mechanical equipment or technical systems [5] . The broad use of the term 'aging' in manufacturing and production engineering is sometimes equated with longer processing time due to the fact that the production facility becomes less efficient [6] . The degradation or aging processes of equipment are often dependent on their loads and working environment. For instance, excessive loads due to increases in productivity will shorten the operational lifetime of equipment. In most situations, the increases in demand are too small to justify investment in new installations. Then, running the equipment at maximum capacity might be the only alternative solution to fulfil the demand. In addition, the equipment operating under extreme conditions such as high temperature, humidity and dusty and corrosive environments will accelerate the aging processes of the equipment. Thus, many researchers are now aware that aging effects have to be taken into consideration for equipment health prediction or even maintenance scheduling in order to achieve higher levels of safety and efficiency.
Fig. 1. Illustration of Equipment Aging or Degradation Processes [7]

Aging Detection
As was mentioned in the previous section, aging of equipment has to be taken into account to ensure the safety and efficiency of mechanical equipment, thus a brief review on the detection methodologies has been carried out. Equipment performance can be evaluated based on electrical, mechanical and thermal parameters such as voltage, current, torque, strain, noise, vibration, temperature, thermal stress, etc. Mechanical failures of rotating equipment are often related to bearing, balance and alignment defects. Researchers claimed induction motor aging effects and defects can be detected by analysing low-frequency vibration signals from the electric motor [8] . The low and high frequency bands of the vibration signals can be decomposed by applying Multi-Resolution Wavelet Analysis (MRWA). Defects like broken rotor bars and abnormal air gap eccentricity of induction motors can also be detected by analysing a motor's current by motor current signature analysis (MCSA) [9] . Kunz et al. [10] confirmed that wear behaviour of the vane pump can be identified by analysing the temperature distribution of the pump. Aging of a steam turbine rotor like cracks (i.e. rotor surface cracks) can only be detected using vibration monitoring [11] . Lim et al. [12] claimed that gas turbine blade faults like rubbing, cracks, deformations and looseness can be detected using vibration analysis. Wear of gears can be identified by utilising oil analysis to detect anomalies in the lubricant of machines [9] . In addition, oil analysis is also employed to discover wear, contamination and chemical changes. Bearing degradations can be determined by analysing vibration signals [13] . In summary, equipment aging detection methods are around vibration, current, temperature and oil analysis.
Vibration signals analysis obviously is the most common detection method for aging, degradations, defects, etc. Aging is a time-dependent problem, thus, it usually employs time-frequency signals analysis methods such as Short Time Fourier Transform (STFT), Wavelet Transform (WT), Empirical Mode Decomposition (EMD), Hilbert-Huang Transform (HHT), etc. The reviews on time-frequency signals analysis are widely available. Recently, many researchers integrated signals analysis with decision-making strategies to enable real-time diagnosis and prognosis of equipment health conditions [14] . Decision-making strategies widely used for equipment aging-related research include Condition-Based Maintenance (CBM) [14] , the Bayesian approach [15] , Artificial Neural Networks (ANN) [16] , etc. Better understanding of the subject of equipment aging leads to efficient aging management and aims for all equipment to be utilised for its designed operational lifetime.
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Aging Management
As described in the previous section, equipment aging can be detected using various methods, thus, aging management can be employed to ensure that equipment operates for its designed operational lifetime. The aging management begins with performance assessment then follows by predicting the remaining useful lifetime and, finally, feasible life extension alternatives [7] . If equipment aging is confirmed, the problem is then to determine what corrective measures will best help to delay the occurrence of a failure [15] . Life extension alternatives for aging equipment included preventive maintenance, design change, component replacement, overhauling and keeping the system as it is. Preventive maintenance can be carried out by monitoring the parameters related to the condition of the machinery therefore significant change can be identified in order to schedule for maintenance. Design change will enhance the reliability of equipment and avoid frequent failure. Replacing a component with later or better technology can extend the operational lifetime of a technical system. Through perfect overhauling, the equipment can be recovered to an 'as good as new' condition [16] . Lastly, some of the aging equipment can be kept as it is if it does not threaten the safety issues. Aging management processes have been summarised in Fig. 2 . Therefore, knowledge of equipment aging makes life-extension possible on aging equipment.
Fig. 2. Aging Management Processes
Conclusion
Equipment aging has become increasingly important since many system components are approaching the end of their designed operational lifetime. Performance of a technical system can be evaluated by various data, then, theory of evidence can be considered as a promising approach to address the aging detection problems. Aging management can be an alternative to new installations that can require considerable expenditure. On the other hand, extensive further research is needed into equipment aging since equipment aging predictions are using aging statistics from the same or similar components. Therefore, aging statistics for every critical mechanical device are required to shed new light into equipment aging management.
